Experimental studies of amplification in a two-cavity X-band gyroklystron are reported. The system utilizes a thermionic magnetron injection gun at voltages up to 440 kV and currents up Our present efI'ort to increase gyroklystron power levels has focused on two issues. The first involves increasing the beam voltage above conventional (long pulse) levels as described in previous design papers [11, 12] [14] . In this paper, we briefly describe the experimental configuration, discuss the microwave diagnostics, and present optimal twocavity gyroklystron performance.
An international effort is under way to develop highpower microwave amplifiers in the 10-20-GHz frequency range for driving future electron-positron colliders operating at multi-TeV energies [1] . Much [3] and can operate with overmoded cylindrical (gapless) cavities. Thus, it should scale more favorably to the frequencies and powers desired for the TeV linear colliders [4] .
The gyrotron has proven to be an efficient, high-power, high-frequency oscillator [5] . For example [6, 7] , peak powers near 1 MW with microsecond pulse durations have been achieved at high frequencies ( -140 GHz) in highly overmoded cavities. Recent gyrotron amplifier experiments have included gyrotron traveling-wave tubes [8] and gyroklystrons [9, 10] . Overmoded Our present efI'ort to increase gyroklystron power levels has focused on two issues. The first involves increasing the beam voltage above conventional (long pulse) levels as described in previous design papers [11, 12] . Toward this goal, a double-anode magnetron injection gun (MIG) was developed [13] [14] . In this paper, we briefly describe the experimental configuration, discuss the microwave diagnostics, and present optimal twocavity gyroklystron performance.
Details of the experimental setup, tube stability, and flat-field amplifier experiments that achieved peak powers of 2.7 MW appear elsewhere [15] .
A schematic of the overall system is shown in Fig.   1(a) . A 1.5-ps, 500-kV, 400-A line-type modulator provides the required voltages to the MIG. Eight water- An enlargement of the two-cavity circuit is shown in Fig. 1(b The time-averaged spectrum is shown for the drive and output signals in Fig. 2(b) . The peak frequencies of 9.8715 agree to within the resolution of the meter. The drive power at the optimal point is about 44.2 kW, resulting in a gain figure of 26.5 dB. The coupling loss is less than 45%.
For an approximately constant magnetic field in one cavity, the measured output power is a strong function of the field in the other cavity. In Fig. 3(a) , for example, measured power is plotted as a function of input-cavity magnetic field with the output-cavity field held at 0.474 T. The strong dependence on field is clearly apparent with a full width at half maximum power of about 7.3%. Results from a simulation that include ac space-charge effects [17] are also shown. The ac space charge acts mainly to enhance the predicted gain of the circuit. 
